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FEMWWANCE TllWS OF MACA TYF’E4 J?IhlWWTTJBE

EXHAUST i~T EXCHANGER

By J. George Reuter and S. V. %nson

The exhnust-pns heat excnmlvw is of’current int.~restac a
mwns nsl only of prov”i-linpheat-d air for aircraft,de-iclnq and
cabin Iwatinq but alSC)of renderim~?t,%=~vlkaust.~1.esinvisib].e
by reducing its tmprntu r-. In the past few ,ysars~ variety of
desiqns have been constructed ~..iti;stwllarfle~vunder I&w sJmn-
sorship of the NACA. (bee refmvmcen 1 to 6.) Tne success of
many of these invest,iflations;IascreateA a grtin?~ interest in
the f.;meralimprovcxwnt of the exh.aust=)ys heat exchan~er.

The problem of the desi,rnof an ~xhaust-heqt exchanger 1s
largely a question of .wlectinv a care str~ctnre that Ccmbinus
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The tubes era in st~red az’ran@mellt wlt?l exhaust-gas f 19W
across seven bmks of n5ne tubes each. These tubes are Inserted
into punche~ holes -in the header. plates and qre f leqe=@Lded at
the @met ion tips, as shown in f @zres 1 and 2. Thik construction-
shoul.dprovide flexibllity. The tube-end welds are exposed to the
coolti~air flow and are shielded from the exhaust -s. This
posltlon~of extended surface and nlded Joints should favor the
durabllity of the ex-er.

The might of this heat exohanger, aO received fmnn the fac-
tory and as shown ia figure 2J was 25.5 pounds lncludl~ flanges
and rib- strengthened plates cover-. the no-flow faoes. Before
the exchmger was mounted for test-, the flang~ was changed
to provide a more cofivenlentand leak-proof Installation, The
woi@t might be reducsd lJythe use of thlnrxw metal for tube WCLUS
and fIna, but In this connection there is a question of drrabiltty
that requires further lnve~ti~t Ion.

!Iv2 WmIe

A dlagmcu of the test setup Is ehown h fi.~e 3, The test
oq~’ipmentconsisted ossentidly of an cxhaust-gas prcducorj the
heat-exchang~r test unit, dwcting} flouceters, and teqe~ature- and
p.resmre-moasuri~ Instruments, Both the cooltiJgalr and the air
roqulmd for comlm.at1on wore otta~d from the laboratory cacbustion-
air supply; t% roepecii-ieflows were controlled by pressuro-regulnted
butterfl; velvos. !iZtecooli.w a:r flowed through the tubes and the
orhanst Gas flowed across the tubes of the exchanger. Flow rates
wore mec6urod upatroam from t]l~G.xchangerby means of calibrated thti-
plate orifices installed escmdlng to A.S.M,E. speclficatdons.

Entrance and e.xltflui~ temperature were meamred by %ermo-
couples placed QCIWSS each flow oection at distances from the core
faces as shown by figuw 4. Cooling-air teqeratu-es were indi-
cated on a self-bakncing, direct-readlxg pcteaticmmter; exhaust-
gas temperatures were Indicated on a manually balanced potontiazeter.
Tn the exhaust stream wero quadruple-shlolded chromel-alumelthermo-
COUP1OS, three at ths entrance of the heat exchanger and three at
the exit. One of each set of three was a General.Electric thermo-
couple; tho other two wore constricted at this laboratory with a
SPH ehlold of four turns. The rGadinge obtahed from tho three
thermocouples at each station were h god agreement,. Unehieldod
iron-conetantanthermocouples were used In the coolfn&alr stream,
two at the upstream sldo of the exchanger and sets of six plaood
dla@naUy across each of two sections downstream from the exqer.
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Emam+gas f lo’n Cooling-air flow Range of gas-inlet
rats, We rate, Wa t~.%r~tur=s (in sh?J6

@.@J-- . . . . ..-lW,M). b. . . . . . ..- . . . . . . . . . - of approximatdy 200 F
(%’)—. ——

3590 3500 1100 to UjmO
5400 !300to l~oo
7200 90G to UjUO
9300 900 to I.gso

54(-)() I:% ?~o to lyw
1- l(mo to U@O

7!@0 ~yj La ].dj~

9450 e.y to 13q).—— .. —-— .—
72w 570LJ ~~fj to 1$~

q,$J Ilcu to 1$01
71~’.Y) lC)OOto Iq)o
p!@o ‘YM to lqll

..—— — .-—- — .—- ———

AP

specif1c hnst,at const.arltprfi.ssl~r[=,(Rt’1)/(lb)(%’)

no-flow lew@h, (in.)
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and

l’he syecifie heat of exhaust gas ~as assumed the mm as that of
Rir because of the ext.reneleanness of the exhaust-gasmixtures.
An rxxct?ssof heat absorb~d by the cooling air over that dissipated
by the exhaust gas at the hi~her heat flows is shown in the figmre.
The cause of this discre~ancy is probqbQ in the e.xkust+as stream,
and for this reason the thermal performance has been evalu~ted from
measurements on the cooling-air side.

[n figure 6 is shown the best output of the heat exchanger
plottn.1a@.nst ccmlimy-air flow for exhaust-gas flows of Z$410,
5~@U, and 7200pounds per hour and for an entr-ante-tmperature
diffsrmce of l~@ F. ‘!hes~valnas of heat output are th9 values
of he~t.Rbsorbeclby the cookhg air a:;computed frcrntest data
obtainwl at an zxhaust-~as entr,amcct~:m!~eratureof about l~W” F
correctw.1to an ent,rance-tempe.r&tnrcdl.fferenceof.17Q0 l?. The
correction w= mad~ by muans of the following rul?t.ion:

Ths cc)rrq,onding temper~turo rise of the cooling air is shown in
fiqnre 7. Examination of fipures 6 and 7 k!ic?t~s a cooling-air
t~~l,ara?.urerisa of bo~ F and a heat output of 2~3,UO0 Btu per
hour for an exhaust-gas flow rate d 7.200 pounds per hcmr (corre-
s},onclingto enfiineopcrntion at approximately 1000 hp) and for a
coolinr+ir flow of 3000 IJounds per hour. }.tthe same coolinpai.r
flowbut with an axhaust.-gasflow of 4000 pounds per hour the
cooljn~-air temperature rise is j~OO F and the heat output is
255,000 Btm per hour.

The cooling and heating effectiveness of the exchanger as a
function of the fluid flows is shown in figure 8. The heating
effectiveness is defined as

ATa
na =

(Te)M - (T=),n

Because thz temperature mcasuremsnts on the cooljn~-air side are
considered more reliable thm thosa on the exhaust-qas side, the
coolin~ effectiveness is Ikfjnsclas

. ,...



where

Tb+ en.m?ssion for LIef is obtained frcm the he~t-halmce equa-
tian,

Te(cp) 4Te1 ‘~a(c,3)a ATa
e

rreater than unity for nani~ot.hermalflow, because the density Of the
ps increases when it flows through the exch.mger. Figure 11
show a greater sc~tt.erof the test data than ~h~wn in fiemre 9
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f m Iim cooling air~ furthermore the exaonent 2.1 of We, which
~Jasfcund to best.fit the c?qta,is ~reatm than theory would infli-
cate. Ko definite explanation can.be offered for these conditions;
hmwwsr, during the tests it was”noted that under some test condi-
tions a whistling sound was produced by the flow of the ex!~au~t
;3s acros3 tk exc%n~er tubes. TMs cmc!ition was attended by
errzt.tcbehavior of the .manumetersthat meamred the pressure drop.
liot,~it]lstandjngthe fore~min~ considerations,it c,anhe stat.cd that
tk curves of figure 12 represent the test values of pressure clroy
-.tithiuCm< inch of water.

Althou~h t!lethermal end the preeoare-dro~jperformances shown
in fi:=mres6, 7, 8, W, ,md 12 are given for the test exchanflm
‘xit,la no-flow len~~h of 12_7~ ~nches, the curv~s are, of cuursn,
a(J,lljc~bleto my nu-flex ler.gthof an otherwise identical e.xcllmer
U the heat out~ut %(?st wd the fl.liriflows (’;?e) aud

~~~t

(1)
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10. From it~m 6 and 9:

“ ,’.

n. A

.-. . r--- -“. .- . . . . . . . . . ‘b”2-‘--ii~i- if hat trial)
-—..-

Apa =
0s516

second approx3mat.ionof o~om cm now be obtatiecl from
it,tmsh, j, 7, and 10 md equation (1).

0.~67 (second trial)
—

115+ 460

12, From it:m.s1 md 11 arclfikpre 10:

!1.3
‘% = I-J[!1<,-——= ~1.3(wc?nd trial.)

●.

Ap=
-—

(Pe)= 1 (den
.— E

(I@en ~ ATO I

1- (Te)en + 460
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SUM !AIWOF lWHJLi’S

1. ‘RIPfhermal output of the N45A me A exhaust-heat exchanger
was 2~g,00@ 1’.tnIJerhour nt a coolhg-air flow of 3000pounds per
ham nnd an etilaust-gasflow of @OO pounds per hour. The prns-
Surn dropE, unilerthese conditions, were b.? inches of’Y!atw for
the coclinq air at se~-level d~xm~tyo(~.d76~ lb/ cu f%) and 2.s inch~s
~~fwater for the m!.aust gas at l~C)O .*and 29.92 inches of mercur~.

. .
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SU!4NARY OF TEST OA?A ON NAcA TYPE A HtAT 2KCHANG2R

Heat Pe-
Jected

bY
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gas, He

(Btufhr

217,000
219,000
1Y3,000
162,300
171,000
1.27,000
134,0W
143,000
186,000
174,000
223,000
237, W2
25S ,000
255,000
16s,000
176,000
19?,000
210,000
266,000
267,0LM
267,300
234,000
1.59,000
212,000
211,000
255,0W
267,000
299,000
207,000
lc~, oao
15 E,000
210,000
160,000
219,000
236, @O0
238,0’30
2.4,000
Y?5,0C0
242, 000
186,000
196,000
278, 000
205,000
287,000
179, CO0
166, C”32
236,000
240,000
291,000
314,000
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304,000
296,000
16!2, 000
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2?5, 000
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06
85
92
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.113
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.11’4
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.127
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.223
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.l~o
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256
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133
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208
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310
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263
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265
272
323
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116
147
150
1’/5
107
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21 B
216
187
1.53
152
224
223
223
133
134
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1?5
217
215
26S
240
239
151
149
13?
136
162
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196
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.234
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.232
.230
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.243
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.162
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.1?3
.171
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.132
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20. e.3 5.s
31 .m 8.9
31. ca 9.0
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31.68 15.2
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31.78 16.0
31.93 10.9
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32. m 16.7
32.40 16.6
33.18 23.2
33.29 24.1
33.33 24.2
33.53 25.2
33.33 25.2
33.60 25.7
33.63 25.9
20.50 4.5
29.33 4.6
29.63 5.0
29.63 5.0
29. eo 5.3
29.56 6.2
29.54
30.93 1:::
30,03 12.0
30. s3 11.4
32.60 10.7
3n.73 10.8
30.56 12.0
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29.58
29.6B
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29.38
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30.00
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30.29
30.29
30.49
30.49
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30.39
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31.19
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G
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;:;
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1.3
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1.6
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2.1
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1.4
1.4
1.5
1.6
1 .s

i::
1.8
1.4
1.s
1.5
1.7

;::
1.9
3.3
3.3
4.0
4.0
4 .Z
4.5
4.5
4.2
4.2
3.8
3.3
3.3
4.4
4.4
4.4
3.C
3.0
3.4
3.6
3.9
3.9
4.3
4.2
4.2
3.4
3.3
4.6
4.6
5.2
5.4
6.7
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.Olinf
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~
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0.651
.531
.709
.7W
.6S3
.670
.816
.010
.765
.757
.701
.7(2?
.679
.Wll
.810
.EIM
.75a
.766
.717
.712
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.729
.2s5
.7N6
.786
. 73i
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.727
.727
.721
.720
.663
.6o3
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.614
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.7M
.74a
.74a
.655
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.65S
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.755
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.71s
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.727
.729
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.7e7
.7S6
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5,7
4.B
4.8
5.0
4.9
9.2
9.2
9.9

10.0
10.0
10.6
11.2
11.2
16.0
16.0
16.9
16.0
17.9
16.1
17.7
17.s
25.6
26.6
26.7
28.0
28,0
20.6
26.B

4.4
4.5
4.9
4.9
5.2
6.0

1:::
12.2
11.5
10.8
10.9
11.9
11.8
11.9
16.9
16,0
17.9
18.0
19.2
19.2
20.3
29.6
30.0
26.4
26.4
27.1
26.9
2EI.3
26.8
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Naaure
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GAPS
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2 .s
2A
2.2
2.2
/?.2
2.2
2.0
2.0
1.9
2.1
e.1
1.9
2.$4
2.1
1.’4
1.9
1,9
1.0
1.9
1.9
1.0
2.0
2.0
1.8
1.8
1.9
1.8
1.8
1.8
4.8
4.7
4.9
4.9
4.7
4.7
4.7
4.6
4.6
4.6
4,6
4:5
4.6
4.5
4.6
4.7
4.7
4.5
4.6
4.5
4.4
4.4
4.6
4.9
5.2
5.1
7.0
7.0
6.8
7.4
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